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CORRELATION BETWEEN rtiE OUTER FLOW AND THE TUFBULENT 
PRODUCTION I N  A BOUNDARY LAYER 
I. INTRODUCTION 
Space-time co r re l a t ion  measurements show a r e l a t i o n  between 
the undulating outer  edge boundary layer  flow and the turbulent  
production region near the surface.  The observation ind ica tes  
t h a t  information i s  prcpagated from the  outer  region t o  the inner 
region. 
11. BACKGROUND 
The processes involved i n  the i n i t i a t i o n  and p ro l i f e r a t ion  of 
turbulence i n  the  f l a t  p l a t e  boundary layer  a r e  a t  present not 
wel l  understood. Laufer and Bandri Narayanan have presented 
evidence t h a t  t he  turbulent  production mechanism near the wal l  of 
a turbulent  boundary layer  s ca l e s  with the outer  flow parameters 
1 They suggest a " l i m i t  cycle" model f o r  the turbulent  pro- 
duct ion which appears cons is ten t  with the physical &e l  proposed 
by C l i f f  and Sandborn [ 2 ] .  
Kline e t  a l .  exadned  the t r a j e c t o r i e s  of turbulent  pockets 
a s  they migrated from the near wal l  region toward the  outer  re8ions 
of the boundary layer  C31. A d e t a i  led mapping of space-time auto- 
correlations of the ve loc i ty  components was taken across 8 f l a t  
p la te  boundary layer  by Blackwelder and Kovasznay [ 4 ] .  The mapping 
gave i soco r re l a t ion  l i nes  of 0 .8 ,  0 . 6 ,  0 . 4 ,  0.3, 0 . 2 ,  and 0.1 f o r  
the u component of ve loc i ty .  Blackwelder and Kovasznay noted 
tha t  the locus of  t he  maximum space-time co r r e l a t i ons  was 
approximately along the t r a j e c t o r y  of  eddy migration a s  reported 
by Kline i 33 .  The work of Kline e t  z l .  [3I and Blackwelder and 
Kovasznay ind ica tes  an outward migration of eddies  which a re  
produced i n  a formation zone near t he  wal l .  lhis migration 
phenomenon supports the  hypothesis t h a t  the  eddies  formed near 
the wal l  a re  u l t imate ly  associated with the convoluting oute r  
edge of  the boundary layer .  A c los ing  bf the " l i m i t  cycle," 
proposed and s tud ied  i n  t h i s  repor t ,  r e l a t e s  t he  convoluting 
outer  edge to  the generat ion of  turbulence near  the wal l .  The 
convoluting oute r  edge of  the  tu rbulen t  boundary layer  has been 
shown t o  produce la rge  per turbat ions i n  the l oca l  v e l o c i t i e s  
and pressures ,  a s  reported by Kovasznay, Kibens, and Blackwelder 
[5]. It i s  postulated t h a t  the ~ e r t u r b a t i o n s  t r a v e l  through the  
boundary layer  and give r i s e  t o  the turbulent  production process 
which occurs near the viscous sublayer.  A p a r t  of the  turbulence 
produced near the wal l ,  i n  t u r n ,  moves outward and eventual ly  
produces the convoluting oute r  edge of  the boundary layer  t o  r e -  
produce and sus t a in  i t s e l f .  (The motion outward has been shown 
e a r l i e r  by Kline e t  a l .  [33 and Blackwelder and Kovasznay 
.) 
Space-time co r r e l a t i on  techniques a r e  .a method of examining, 
a t  l e a s t  i n  p a r t ,  the  inward r e l a t i o n  between the undulating 
outer  edge and the turbulent  production region of a boundary layer .  
The space-time c o r r e l a t i o n  of ve loc i ty  f l uc tua t ions  occurr ing i n  
the undulating outer  region with ve loc i ty  f  luccuations occsr r ing  
near t he  viscous subregion has been performed. The objec t ive  of 
t h i s  repor t  is t o  presept the co r r e l a t i on  d a t a  and i n t e r p r e t  t he  
r e s u l t s .  
111. TJiST SETUP AND PROCEDURE 
The experiment was performed i n  a small ,  open-return-type 
wind tunnel.  A honeycomb, which i s  located i n  a la rge  c i r c u l a r  
i n l e t ,  i s  used t o  s t r a igh t en  the  i n l e t  flow and break up any 
large-scale  dis turbances.  From the i n l e t  the  flow passes through 
a s e t t l i n g  chamber and then acce l e r a t e s  i n t o  a t e s t  s ec t i on ,  
where the  c ross  s ec t i on  narrows t o  0.457 m by 0.457 m. The c e i l i n g  
of the  tunnel  was adjusted so as  t o  develop a near zero pressure 
gradient  f l a t  p l a t e  boundary layer .  The co r r e l a t i on  measurements 
were performed a t  1.22 m from the s t a r t  of the t e s t  sec t ion .  Two 
stendard constent temperature hot  wire anemometers were used with 
0.01 rn diameter platinum ir idium wire. Normal annealing and 
c a l i b r a t i o n  of the  hot wires  were p e r f o r a d  as  described i n  Reference 
2. 
One hot wire was placed i n  the  undulating oute r  edge of the  
boundary layer  and one was placed very near the wal l .  The boundary 
layer  was approximately 7 cm high. 
Signals  from the  hot wir dere fed d i r e c t l y  i n t o  a coamercial 
time delay co r r e l a to r  , RMS meters,  and tape t r a m p o r t .  
IV. EXPERIMENTAL RESULTS AND DISCUSSIONS 
As was pointed out  e a r l i e r ,  Kline e t  a l .  [31 and Blackwelder 
and Kovas may [ 4 ]  have per formed experiments which support the 
hypothesis t h a t  turbulence generated ne. i. the wal l  migrates out-  
ward and i s  u t l imate ly  associated with the convcluting oute r  
edge G F  the boundary layer .  
The following experiment was conceived and performed i n  an 
a t t ~ n p t  t o  determine i f  any c o r r e l a t i o n  e x i s t s  between the convo- 
l u t i ng  outer  edge and the  production region w a r  the  wal l .  That 
i s ,  t o  see i f  there  i s  some c o r r e l a t i o n  which would support a  
hypothesis of an inward flow of information from the outer  edge 
which may be responsible  fo r  the i n i t i a t i o n  of turbulence near 
the wal l .  
Measurements of the c o r r e l a t i o n  between two hot  wire anemom- 
e t e r  s i gna l s  (u components), one from the i n t e rmi t t en t  ou te r  
region (y/6 = 0.8) and the  o ther  from the turbulent  production 
1 
region of a  tu rbulen t  boundary l a y s r ,  have been performed [2] .  
Figure 1 shows a  t yp i ca l  space-tine c o r r e l a t i o n  curve fo r  the two 
anemmeter s igna ls .  The v e l o c i t y  d i s t r i b u t i o n  and v e r t i c a l  lo- 
ca t ion  of the hot wires a r e  noted i n  Figure 1. It was found t h a t  
a measurable c o r r e l a t i o n  ex i s t ed  only fo r  the  case where the hot 
wire i n  t he  ou te r  flow was s l i g h t l y  upstream of the probe near the 
'The wire i n  the outer  region was wei?. beyond the region invest igated 
by Blackwelder and Kovasznay. 
VE
LO
CI
3Y
 
D
IS
 TR
IB
U 
TI
ON
 
DI
ST
AN
CE
 A
BO
VE
 
SU
LF
AG
E 
(cm
l 
EL
EV
AT
IO
N 
OF
 
\?
E
R
 
PR
OB
E 1 
4 N
OT
E:
 
OU
TE
R 
PR
OB
E 
"
5 
m
m
 
UP
ST
RE
AM
 F
RO
M 
IN
NE
R 
PR
OB
E 
CO
VA
RI
AN
CE
 
OU
TE
R 
PR
OB
E 
SI
GN
AL
 D
EL
AY
ED
 
XO
RX
AL
IZ
ED
 
CR
OS
S 
CO
VA
RI
AN
CE
 
VS
 
TI
M
E 
DE
LA
Y 
FO
R 
VE
RT
IC
AL
LY
 
SE
PE
RA
TF
D 
HU
T 
W
IR
E 
PR
OB
ES
 
IN
 
A 
FL
AT
 
P
I A
TE
 
(5
1 I
GH
T 
AD
VE
RS
E 
PR
ES
SU
RE
 
GR
AO
IE
NT
I 
BO
UN
DA
RY
 
LA
YE
R
 
viscour sublayer.  No c o - r e l a t i o n  cocld be measured when t h e  
other  wire was s l i g h t l y  downstream of the sublayer wire. I f  
the wires were i n  the region inves t iga ted  by Blackwelder and 
Kovasznay, mvement of the  upper wire i n  the downstream d i r e c t i o n  
would have increased the  c o r r e l a t i o n  value [41. 
The exis tence of a  c o r r e l a t i o n  between the  ou t e r  and imsr 
turbulent  s i gna l s  would appear t o  fu r the r  support the  m d e l  
suggested by Laufer and Badri Narayanan [I].  The co r r e l a t i on  
was always found t o  peak a t  a  time de lay  o the r  than zero such 
t h a t  information was always sensed f i r s t  by the other  probe and 
l a t e r  by the inner probe. This s h i f t  i n  t i t r e  delay ind ica tes  
t h a t  information i s  propagated inward from the  ou t e r  region t o  
the wal l  region of the turbulent  boundary layer .  No attempt 
was made t o  i nves t i ga t e  whether o r  not the ' ' l i m i t  cycle" could 
be closed by the  ex is tence  o f  a  c o r r e l a t i o n  when the outer  wire 
i s  f a r  downstream of  the wire near the sur face ,  although the  work 
by Kline e t  a l .  [3I and Blackwelder and hvasznay  lends support 
t o  such a  hypothesis.  
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